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Camera, process for reconstructing an image information, 
and process for calibrating an image information 

The within invention concerns a camera for 
recording an image information. 

Cameras of this type are widely known, for example 
as photo cameras, movie cameras, or even TV cameras. 
Cameras of this type customarily contain a recording 
medium on which the image information is stored in 
specified manner. In the case of, for example a photo 
camera containing a color film, the image information, 
that is, the photographed subject, is stored in specified 
nature and manner that can depend on the camera itself 
and also on the recording medium. This stored information 
is then reproduced in the laboratory, for example on 
photographic paper. In the case of color films, the image 
information is customarily subdivided into several 
partial spectral ranges, that is, for example, into red, 
green, and blue ranges. This spectral distribution can be 
achieved by photographing with color filters, or, as is 
customary today, with films having three superimposed 
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layers, each sensitive to one-third of the visual 
spectrum. 

In the case of black-and-white photography, there 
is no such spectral distribution of the image information 
to partial ranges. However, here the image information is 
stored on the recording medium in the form of brightness 
graduations, that is, in the form of levels of intensity. 

In the recording of colored image information, the 
problem is that the spectral ranges of the recording 
medium must be developed or reproduced in such manner 
that the natural coloring of the recorded image 
information is reproduced. In the reproduction of the 
image information, care must therefore be taken to ensure 
that the image is not blue-, green-, or red-tinted, 
something that could occur if in the development of the 
film the corresponding spectral ranges of the recording 
medium were insufficiently exposed. In a color film this 
defect can be caused by, for example, the fact that the 
color layer sensitive to the blue spectral range is old 
and has correspondingly less sensitivity. In development 
of a film of this type by means of a standard development 
process, this leads to a situation in which the blue 
segment of the recorded image is too limited in the 
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reproduction, which means that the reproduced image is 
green- or red-tinted. 

The said effect can also occur when, for example, 
in a digital camera the components sensitive to different 
spectral ranges are exposed to different temperatures and 
thus react with different sensitivities. If an image 
recorded with a camera of such type is reconstructed, the 
problem described above occurs again, namely, the color 
weight does not accord with that of the subject 
originally photographed. 

With black-and-white films the problem is that the 
brightness of the reproduction does not accord with the 
brightness of the subject photographed, that is, the 
luminance of the reproduced image is too high or too low, 
so the image is too bright or too dark. 

The task of the within invention is to create a 
camera for recording an image information by means of 
which the color or brightness information of the subject 
photographed can be reproduced reliably, independent of 
the individual lighting situation. 

This task is performed by a camera for recording an 
image information in such manner that the camera has one 
or more media for creating a light signal with known 
spectral intensity distribution and/or chromatic ity 
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coordinates and/or brightness, which can be recorded by a 
recording medium that is or can be positioned in the 
camera. In the case of a color film, for example, the 
said media generate a light signal with known spectral 
intensity distribution or with known chromaticity 
coordinates, which said light signal is recorded on the 
recording medium in the camera* The recording creates a 
reference signal whose spectral intensity distribution 
and/or chromaticity coordinates and/or brightness is/are 
known and by means of which the recording is calibrated. 
In this way a reproduction true to the original, or 
development of the film, is possible. 

The term camera refers in principle to all devices 
with which any desired image can be recorded. The 
decisive factor for the light signal is that it be 
recordable in some manner by the recording medium, that 
is, that the light signal must lie within the sensitivity 
range of the recording medium. It can but does not have 
to lie in the visual range. Even short-wave light, for 
example UV light, can be used. The light signal can for 
example have wavelengths in the visual range or in the 
shorter wavelengths range. 

Each color in the visual range can be clearly 
defined through chromaticity coordinates. The 
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chromaticity coordinates are weighted color 
chromatic it ies by means of which, via chromatic 
balancing, based on the known primary valences red (700 
nm) , green (546.1 nm), and blue (435.8 nm), any selected 
color vector, that is, any color valence, can be 
represented. Every color is precisely defined by 
indication of its chromaticity coordinates. This applies 
not only to the bright colors but also to the color 
white, in which all chromaticity coordinates are of equal 
magnitude. The light signal can also be known by its 
spectral intensity distribution. This includes the 
intensity of the light signal, dependent on the 
wavelengths. The absolute levels of intensity can but do 
not have to be known. It is sufficient to know the 
magnitudes of the intensities relative to one another, 
depending on the wavelengths. 

According to the invention, it is equally possible 
for the color signal to be known in addition to or as an 
alternative to the chromaticity coordinates or its 
spectral intensity distribution in its 

luminance/brightness, that is, in its intensity. In this 
way brightness calibration is possible for example in 
color films and in black-and-white films. 
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According to a preferred embodiment of the within 
invention, the light signal consists of white light. 
White light has the color coordinates x=y=z=0.33. For the 
creation of such a light signal, the light-signal- 
creating media can have, for example, a glow lamp. 
According to the invention, in a photograph a white light 
spot is created and is recorded on the recording medium 
in any desired position. This white light spot serves as 
a reference when the image is reproduced in the 
laboratory. Here the developer will expose the 
corresponding spectral range of a film only until the 
point is again appropriately white on the reproduced 
image, that is, has the known spectral intensity 
distribution at least in the above-indicated chromaticity 
coordinates. This ensures appropriately adjusted 
development even in the case of a spectral color-film 
layer with limited sensitivity, so that this spectral 
chromaticity range is exposed longer, for example in the 
case of limited sensitivity. 

Another embodiment of the within invention provides 
the capability of creating, via the light-signal-creation 
media, several individual light signals, with their known 
respective chromaticity coordinates, which can be 
recorded by the recording medium. 
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The light signals can be spatially and/or 
spectrally separate. The light signal can be spatially 
separate and can be created by, for example, three light- 
emitting diodes, e.g. a red, a green, and a blue. It is 
equally possible to combine three light-emitting diodes 
which emit a red light, a green light, and a blue light 
into a single component. This generally leads to a 
colored or even white beam impact point that nevertheless 
combines three individual spectral signals. Components of 
this type, e.g. a "white" LED, are very suitable for the 
camera according to the invention. 

A red, a green, and a blue light signal can for 
example be created via the light-signal-creating media. 
In this case each spectral range of, for example, a 
three-layer color film is acted upon by a light signal 
with known chromaticity coordinates, so that here again 
appropriate precise development is possible. 

The light signals can be executed in such manner 
that the red, the green, and the blue light signals 
together produce white light. 

If the light signal created in the camera consists 
of white light, the advantage is that even differing 
lighting situations can be reproduced with appropriate 
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accuracy in the image if the light signal is properly 
reproduced. 

Another preferred embodiment of the within 
invention provides for creation via the light-signal- 
creating media of a light signal complementary to red, a 
light signal complementary to green, and a light signal 
complementary to blue. 

Via the light-signal-creating media, light signals 
can be created that in their central wavelength lie 
respectively between the spectral primary sensitivities 
of the recording medium. For instance, if the central 
wavelengths of the recording medium lie for example in 
the blue-green-red range, provision can be made for the 
created light signals to have central wavelengths between 
the blue/green ranges and between the green/red ranges. 
If for instance a spectrally broad light signal, that is, 
a light signal with broad wavelength distribution between 
blue and green and between green and red is used, the 
respective segments are recorded in the blue, green, and 
red sensitivity range of the recording medium, if these 
sensitivities and the input signal have corresponding 
widths, so that intersection is possible. In this way a 
calibration of the spectral transfer function of the 
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recording medium can be achieved with two spectrally 
broad light signals. 

According to a preferred embodiment of the within 
invention, the camera is an analog or digital photo 
camera, an analog or digital movie camera, or a TV 
camera. Analog photo cameras include for example, both 
the common photo cameras and instantaneous cameras. 
Digital photo cameras include, for example, CCD cameras 
and CMOS cameras. 

In principle, however, the within invention is not 
limited to the said cameras, it refers to all devices 
with which any selected image information can be 
recorded . 

The light-signal-creating media can be executed in 
such manner that the light signal is characterized by its 
brightness. Such an embodiment is significant for, e.g., 
black-and-white films. Here there is no spectral 
distribution of the image information in the camera or in 
the recording medium. In black-and-white films an exact 
reproduction can be created if the brightness, that is, 
the luminance, is known. According to the invention, for 
this purpose a light signal of known luminance is 
generated via the light-signal-creating media and is 
recorded on the recording medium. This can be, for 
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example, a white or also colored light spot of known 
intensity. The developer can control the development 
process in such manner that in the image reproduction the 
light spot appears in exactly this brightness, that is, 
luminance. Such brightness calibration is conceivable and 
significant not only in black-and-white films but also in 
color films. 

It is particularly advantageous if the light- 
signal-creating media are executed in such manner that 
two or more separate light signals of differing 
brightness can be created. If only one light signal of 
known luminance is created, the developer can ensure that 
ranges of this brightness are reproduced true to the 
original. However, in this case care must be taken that 
the relationship between the intensity, that is, the 
luminance or intensity, and the depth of shade at any 
rate in partial ranges is not linear. To adjust the non- 
linearity of this relationship, according to the 
invention it can be made possible to create two or more, 
for example three, separate light signals of differing 
brightness so that a color depth curve can be created 
that precisely reproduces the relationship between shade 
depth and intensity of radiance. This ensures that in a 
black-and-white film, for example, the optical density 
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accords over a broad intensity range with the conditions 
of the subject photographed. 

For a non-linear course of the exposure curve, at 
least three points are needed on the exposure curve, 
through which the corresponding straight lines are then 
traced. In this way the non-linear course of the 
dependence of the exposure energy on the optical density 
is effectively reproduced. However, if a linear approach 
to the exposure curve is sufficient, only two points, 
that is, two light signals of differing intensity, are 
needed. If it is desired to record non-linearities as 
well, at least three test points, that is, two light 
signals of differing intensity, are needed for an 
approximation . 

The characterizing of the light signal by its 
brightness can of course be used not only for black-and- 
white films but also for color films, since even for 
light signals characterized by chromaticity coordinates 
there are many different optional brightnesses, so that 
even in color films the luminance can be an alternative 
parameter or a parameter to be recorded in addition to 
the chromaticity coordinates. This also applies to light 
signals whose spectral intensity distribution is known. 
Regardless of whether these light signals lie in the 
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visual UV or IR range, here too an additional or 
alternative characterization according to intensity is 
possible • 

It is particularly advantageous if the light 
signals include white light of varying brightness. 

Another embodiment of the within invention provides 
for the camera or the recording medium to be executed in 
such manner that the image information is recorded in 
several spectral ranges. Such a spectral breakdown of the 
image information is customary with, e.g., color films. 
For example, it is possible to provide three spectral 
channels, one of which records the red segment, one 
records the green segment, and one records the blue 
segment of the subject photographed. In order to obtain a 
white light signal, for instance, the wavelengths of the 
individual colors as well as the ratio of their 
intensities to one another must be properly coordinated. 
If not only the ratio of the intensities but also the 
absolute values of the individual intensities of the red, 
green, and blue lights are known, not only a white light 
signal but also a white light signal with the original 
brightness of the light signal created in the camera and 
recorded on the recording medium is obtained. 
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In another embodiment of the within invention, 
provision is made for recording of the image information 
in the three spectral ranges of red, green, and blue, or 
ranges complementary thereto, or between the blue /green 
and green/ red ranges or ranges complementary thereto, and 
the light-signal-creating media are executed in such 
manner that the light signal can be recorded in each of 
these spectral ranges. 

Here the light signal could for example be a white 
light spot composed of appropriate red, green, and blue 
segments. This ensures that each of the spectral ranges 
of the recording medium is calibrated. 

In one preferred embodiment of the within 
invention, the image information can be recorded as a 
black-and-white image, and at least two white light 
signals of differing brightness can be created via the 
light-signal-creating media. If it is desired to take the 
non-linearity of the dependence of the optical density on 
the intensity, that is, the luminance, into account, at 
least three white light signals of differing brightness 
must be created. Through the embodiment of the within 
invention according to the invention, especially if there 
are more than two white light signals, a particularly 
precise optical density curve are [sic] recorded, which 
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permits the particularly precise reproduction of the 
brightnesses of the photographed subject. 

The light-signal-creating media can include light- 
emitting diodes, glow lamps, laser diodes, fluorescence 
diodes, luminescence diodes, glow lamps, or other 
lighting media. 

In another embodiment of the invention, the light- 
signal-creating media have one or more color and/or 
intensity filters positioned between the lighting medium 
and the recording medium. In this way it is possible, for 
example, to fade specific spectral ranges out of the 
white light of the incandescent lamp and to use only 
these ranges for calibration. Similarly, it would be 
possible to break up the white light of the incandescent 
lamp into three spectral ranges, and here appropriately 
to create the different light signals that can be 
recorded by the recording medium. 

The within invention further concerns a process for 
reconstructing an image information recorded on a 
recording medium, in which the image reconstruction is 
controlled in such manner that the spectral intensity 
distribution and/or the chromaticity coordinates and/or 
the brightness of a light signal information recorded on 
the recording medium accords with the light signal 
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generated by the light-signal-creating media or with that 
of the light signal complementary thereto, or the 
divergence between the reconstructed and the created 
light signal lies within a tolerance range or is 
minimized. 

A color film or even a black-and-white film, for 
example, can serve as the recording medium. Other desired 
recording media can also be used. 

The within invention also concerns a process for 
calibrating an image information recorded on a recording 
medium, in which the divergence of the reconstructed 
light signal from the light signal generated by the 
light-signal-creating media or the light signal 
complementary thereto is recorded parametrically and 
these parameters are supplied as calibration parameters 
for further image reconstruction or image processing. 

Conceivably, for example, films, e.g. color films, 
would be developed in the laboratory as usual in order 
not to change or increase the cost of the process. The 
customer could then be given the calibration parameters 
after development. 

It is particularly advantageous if the calibration 
parameters are used in the image reconstruction to 
minimize the divergence of the reconstructed light signal 
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from the light signal created in the camera or the light 
signal complementary thereto. The customer can now for 
example scan his slides or negatives at home and input 
the calibration parameters into an appropriate software 
program. The software program makes the appropriate 
adjustment, providing the customer with an optimized 
result. 

The process according to the invention makes it 
possible for the developer to create a particularly 
accurate reproduction of the color print or the 
brightness of the photographed object when the film is 
developed. The film itself can for example be developed 
as usual on photographic paper, or can also include a 
computer-supported image development. 

The light signal used in the process according to 
the invention, the recording medium, and the camera are 
embodied preferably according to one of claims 1 to 18. 

Additional details and advantages of the within 
invention are explained in greater detail by means of one 
example of an embodiment. 

The camera is a photo camera or a simple CCD camera 
with a black-and-white film. The camera has one spectral 
sensitivity range, but records in it only intensities 
( bright /dark ) , that is, the sensitivity range is not 
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subdivided into individual ranges as is the case in, for 
example, color cameras. 

The camera contains a white-light-creating 
incandescent lamp. Before each photograph, or only once 
at the start of a film, an appropriate white light signal 
is generated and is recorded on the black-and-white film. 
The luminance/brightness, that is, the intensity, of the 
light signal is known. 

The film is reproduced, i.e. developed, until the 
generated light signal recorded on the recording medium 
shows the known brightness. At least in this intensity 
range an image reproduction true to the original, at 
least in this intensity range, is thereby ensured. 

Another embodiment concerns a photo camera with a 
color film, or a color CCD camera. A camera of this type 
has a spectral sensitivity range that is subdivided into 
several partial spectral ranges. These partial ranges are 
subdivided into a red segment, a green segment, and a 
blue segment of the recorded image information. 

The camera has a incandescent lamp that does or 
does not emit white light with known intensity 
distribution. Alternatively, three light-emitting diodes 
can also be provided, emitting light in the red, green, 
and blue ranges, respectively. 
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In developing a film of this type, by means of 
appropriate exposure the ratio of the chromaticity 
coordinates to one another can be guaranteed to remain 
unchanged, that is, in the reproduction the ratio of the 
red, green, and blue segments is selected in such manner 
that a white light signal is again created. When three 
separate light-emitting diodes are used, development is 
done in such a way that the appropriately created color 
points reappear in appropriate colors and in a ratio 
appropriate to their intensities, that is, with constant 
pre-known chromaticity coordinates. This ensures that in 
the image reconstruction the color impression of the 
photographed starting situation, that is, the image 
recorded, is preserved. 

According to another embodiment, the above- 
mentioned color-film camera has media for creating a 
light signal for which not only the chromaticity 
coordinates but also the luminance are known. This makes 
it possible to recreate not only the chromaticity 
coordinates of the light signal or signals, but also to 
ensure during development that the brightness of the 
corresponding signals is again preserved. When the image 
is reconstructed, the brightness impression of the 
photographed scene is thereby obtained in realistic 
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condition. According to the invention, exact reproduction 
of the color and/or brightness impression of the 
photographed scene is thus possible. 

Starting with the camera-generated signal, it is 
thus possible to influence the image reconstruction 
process in such manner that the color and/or intensity 
impression of the recorded image situation is preserved. 
The image can be processed for example by photochemical 
means (creation of prints on photographic paper) or also 
by computer image processing. 

If in the recording of the image the transfer of 
the blue segment is relatively poor, for example because 
the pertinent layer of the color film is old or because a 
corresponding recipient has too low a temperature, the 
ratio of the various spectral partial ranges shifts, to 
the disadvantage of the blue segment, and in standard 
image reconstruction the color impression shifts into the 
green and red range, whereupon the image takes on a green 
or red tint. 

According to the invention, in computer image 
reconstruction, when the recorded calibration signal is 
known, it is now necessary merely to heighten the blue 
segment in such manner that the ratio of the individual 
red, green, and blue spectral color ranges in the 
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reconstructed image ultimately created accords with that 
of the light signal generated. This means that an 
adjustment is made to maintain the reciprocal ratio of 
the individual spectral ranges, i.e. the chromaticity 
coordinates. This procedure maintains the color 
impression. 

If in addition to this ratio the absolute level of 
the intensities, that is, the luminances, is adjusted to 
the camera-generated signal, the image is optimized to 
the brightness impression. 

In the photochemical development process, a weak 
transfer of the blue segment is compensated for by 
raising this spectral range, e.g. through increased 
exposure of the photographic paper in this range; that 
is, "blue" is exposed for a longer time, or is processed 
with a higher intensity. The same applies to the 
complementary color of the pertinent spectral range, 
depending on whether a "negative or positive process" for 
the production of positives or negatives is involved. 
Here too, the color and/or brightness impression can be 
adjusted. 

Examples of light-signal-creating media that can be 
used include incandescent lamps or light-emitting diodes 
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can be used. A signal surface can also be mapped on or in 
the camera. 

To adjust the non-linear transfer of intensities, 
white points of various intensities can be created, by 
means of which appropriate optical density curves can be 
recorded in black-and-white films. 

An example of a light-signal-creating medium can be 
a white-light LED consisting of three individual spectral 
intensities. The LED can be positioned directly before 
the film plane of a film camera. If in the image 
reconstruction the brightness of the reconstructed white 
point as well as the chromaticity is adjusted 
accordingly, the brightness impression is thus preserved 
in the image reconstruction. 

The within invention makes it possible, by means of 
the invention media for creating a light signal with 
known spectral intensity distribution and/or known 
chromaticity coordinates and/or known luminance, to 
achieve an image reconstruction that is accurate as 
regards color impression and/or brightness. The light- 
signal-creating media can be positioned in or on the 
camera. Preferably it is directly above the plane of the 
film. 
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The within invention makes it possible to create 
and record a defined calibration light signal , the 
measurement of the spectral transfer function, that is, 
the question of how for instance the individual color 
segments are transferred, as well as compensation of the 
spectral transfer function when the image is 
reconstructed, e.g., production of paper prints or 
adjustment of the color data when data are transferred to 
a video beamer or a monitor or a color printer. 
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